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American Practice in Steam Turbine Building.’ 
BY FRANCIS HODGKINSON. 


HE earliest records of steam engineering are to be 

found among the relics of Ancient Egypt. About 120 

B. C., Alexandria was at the zenith of her civilization, 
Hero, probably contemporarily with Euclid and Archimedes, 
wrote his celebrated “Spiritalia Seu Pneumatica,” in 
which forms of apparatus, 
among which were the use of the steam jet for accelerating 


work 
was described several mechanical 
combustion, the expansion of air when heated in a closed ves- 
sel, several forms of steam boilers and various hydraulic ap- 
temple doors. The most in- 


teresting among all these is that description of a reaction steam 


paratus for opening and closimg 


turbine, which consisted of a boiler, above which was a sphere 
mounted upon two trunnions, and by means of these trunnions 
steam was admitted to the interior of the sphere. On the 
equator were attached two bent pipes, such that the issuing 
steam reacted upon the sphere and caused it to revolve about 
its trunnions. It is unknown whether this engine was ever 
more than a mechanical toy, although it is very possible it may 
have been used by the priests for driving so-called “magical” 
appardtus where high speed was desirable. 

The next turbine capable of any practical development and 
which may be regarded as the forerunner of the de Laval Tur- 
bine, was invented by Bianca in 1620. 
jet of steam impinging wpon the vanes 
blowing it around. A century later, 
engine appeared, and from that time until the last few years, 
done in the 


It consisted simply of a 
of a paddle-wheel and 
1705, the reciprocating 


practically nothing was development of steam 
turbines. 

Before leaving this brief historical review, it is interesting 
to record that Mr. C. A. 


possibilities of a reaction steam turbine, constructed one on the 


Parsons, with a view of exploring the 
lines of Hero’s engine. The sphere was replaced by two hollow 
oval sectional arms, mounted upon a hollow shaft, with jets 
at the outer ends, through which the steam issued tangentially 
The whole was enclosed within a cast 
With a 


100 pounds per square inch at the jets, and a 26-inch vacuum 


to the plane of motion. 


iron case and connected to a condenser. pressure of 
in the exhaust casing, a speed of 5,000 revolutions per minute 
was attained and 20 horsepower developed. The consumption 
of steam was 40 pounds per brake horsepower. It is not a 
little remarkable that the latest development of steam engineer- 
ing should be returning to the earliest form of engines of wh‘ch 
we have record. It is still more remarkable that the engine, 
as described by Hero, had greater economy than any steam 
engine produced for eighteen or even twenty centuries later. 
The fundamental pr'nciple of the steam turbine, in contra- 
distinction to the rec'procating steam engine, lies in the fact 
that the latter does work by reason of the static expansive force 
of the steam act’ng behind a piston, while in the former case 


the work is developed by the kenetic enerzy of particles of 


steam, which are given a high velocity. by reason of the steam 
expanding from one pressure to a lower. 


*A paper read before the Engineers’ Society of Western Pennsylvania, 


November, 1900, 


Steam turbines be divided into three classes: First, 


the impact, of which Bianca’s is an example; second, the re- 


may 


action, of which Hero’s is an example, and third, a combina- 
tion of both of these, of which Parsons’ is an example. It is 
proposed in this paper to deal only with the two forms which 
commercial namely, 


have attained degree of 


the Parsons’ and the de Laval, more particularly the former 


some success; 

The general principles made use of in water turbines also 
apply to steam turbines. The buckets and gu‘des must have as 
little skin friction as possible, and so arranged that the acting 
fluid may strike without sudden shock, and have its drection 
One 
difficulty, however, presents itself, and is due to the tremendous 


of motion changed without sharp angular deflections. 
velocity of steam as compared w:th that of water under ordin- 
buckets 
turbine the 


The laws governing the best velocity of 
In the 
ideal condition is when the peripheral velocity of the buckets is 


ary heads. 


are the same as for water wheels. impact 


one-half of that of the fluid comprising the jet. In the reaction 
turbine this velocity must be equal to that of the jet in order to 
give this ideal condition. Now, with high pressure steam dis 
charging into a vacuum, the velocities obtained are from 3.000 














FIGURE 1.—-THE PRINCIPLE OF THE DE LAVAL STEAM TURBINE. 


to 5,000 feet per second, as calculated by Zeuner’s formula \ 


turbine, therefore, built on the lines just enumerated would 


have peripheral velocities far beyond the limits of strength of 


material. As an-example, a 10-inch Hero’s engine would re 


volve at 75,000 revolutions per minute. 


The de Laval Turbine, shown in Figure 1, 


divergent nozzle which directs the jet of steam upon suitably 
buckets A 
The outer edge of the buckets is shrouded by 


prevents the centrifugal escape of the 


formed which are attached to the periphery of a 
revolving wheel. 
a steel ring B, which 
steam. The unique features of this turbine are the nozzle and 
the means by which the wheel is enabled to revolve upon its 


axis of gravity. 
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With regard to this latter point a difficulty always arises in 
attempting to revolve a body at a high rotative speed It is 
essential in the first place that the body be accurately balanced, 
but in spite of all care this cannot be attained with absolute 
accuracy. The result is that with ord:nary shaft and bearings, 
tremendous vibrations would be set up that would probably 
result in eventual rupture of the shaft. De Laval overcomes 
this difficulty by mounting his wheel near the center of a long 
light shaft, (’ capable of being cons:derably bent and returning 
to its original form. The shaft is mounted upon bearings of 
ordinary construction. This flexibility enables the forces set 
up by the revolving wheel to deflect the shaft and thus enable 
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FIGURE 2. 


the former to revolve about its axis of gravity. The nozzle is 
d:vergent. In it the whole expansion of the steam is carried 
out. The steam at the mouth of the nozzle has the same pres- 
sure as the exhaust. In other words, the steam has its energy 
completely transformed into mass and velocity by the time it 
comes in contract with the buckets. 

This brings up another feature of the turbine which is that 
with the exception of the nozzles and the throats of the nozzles, 
no parts are subjected to steam pressure. It is well known that 
the velocity of steam flowing through an orifice, from a greater 
to a lesser pressure, increases as the difference of the pressure 
increases, but only up to a certain limit. This limit is reached 
when the lower pressure becomes less than fifty-six-one-hun- 
dredths of the higher. Beyond this, however much the steam 
pressure is increased, the velocity of steam remains practically 
the same—about 1476 feet per second. This limit of velocity 
is; an anomally which seems to have been never satisfactcrily 
explained. It is probably due to the ‘act that the pressure in 
the center of the throat is not the same as in the surrounding 
medium. The jet, after passing the throat, suddenly expands 
and the change of. direction of the fluid particles gives rise to 
centrifugal forces. Experiments all show that in a jet 
which discharges from a reservoir or high pressure into a lower 
pressure, where the difference is greater than 56-100, the pres- 
sure in the throat of the nozzle is always equal to fifty-six-one- 
hundredths of the absolute pressure of the reservoir, no matter 
how great may be the difference between the two pressures. 

The action of steam in the nozzle may be shown further by 
the adjoining illustration. In this case if the reservoir were 
filled with water the velocity 
issuing would be found by the 
formula V? = 2¢h, where A is 
the actual feet head of water 
above the nozzle, In the case, 
however, of the flu'd in the 
is reservoir being steam or gas 
instead of water, | must be 
changed to an _ ideal head, 
which is the column of fiuid 
necessary to give the given pressure at the level of the 
nozz'e, Th’s ideal head is equal to the feet-head of water 
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necessary to give the pressure, multiplied by the density of 
the water and divided by the dens:ty of the fluid in the reservoir. 
This formula, however, is only approximate, andi is only good 
up to the before mentioned limits. 

With small differences of pressure, such that Pm is greater 
than .56Pn, the fluid will issue with a velocity varying with 
the square root of the ideal head, which will increase as the 
difference of pressures increase, until we reach the before 
mentioned condition of maximum discharge, and up to this 
point the steam will issue from the nozzle in substantially 
straight lines—this, of course, providing the nozzle has a well 
rounded entrance, and is not a condition that might be termed 
“an orifice in a thin plate.” When the pressure is increased 
beyond this, the steam expands partially outside the nozzle, 
and the particles cease to issue in a straight line as before. 
This subsequent expansion is taken advantage of by de Laval 
by means of his divergent nozzle, which is of the form shown 
in Figure 1. 

The throat is at J), having a well rounded entrance, and from 
there on the nozzle diverges. The relation of the area of the 
outlet at A to the area of the throat at J) should satisfy the 
equation: 

Fm Wm F. W, 
Vm 7. 

Fm—Sectional area of the throat. 

F ,—Sectional area of the outlet. 

Wm—Velocity of steam at throat. 

W,—Velocity of steam at outlet. 

Vm—Specific volume of steam at inlet. 
V,—Specific volume of steam at outlet. 

This equation simply states that equal weights of steam pass 
at both the throat and the outlet in equal intervals of time. 

Practically a nozzle must be made with the area at the ex- 
haust end as small as possible, for the sake of getting the 
greatest velocity, but just so large that the pressure will not 
be higher than that of the exhaust pipe. 

The best length of nozzle is hard to determine. If too long 
there will be considerable loss of velocity due to skin friction. 
At the same time it must be long enough to admit of proper 
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expansion of the steam. The best shape of the divergency has 
been the subject of investigation by various experimenters, in 
order to give the best expansion curve, regarded as a single 
particle. The writer’s opinion is that the best results in this 
respect are obtained by a nozzle whose section is very near 
an ellipse. 

The investigation of the performance of.steam nozzles is 
particularly ' interesting—the apparatus usually employed is 
shown in Figure 2. The nozzle for the experiment is at A, the 
steam entering at B discharges through the nozzle directly into 
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the exhaust pipe. At C( is. previded a small searching tube, 
sealed at one end and with a minute hole J) some distance from 
this end. At the other end is provided a suitable pressure 
gage or mercury column. Means are provided for sliding the 
searching tube with its pressure gage back and forth, when 
pressures may be read with the hole in the searching tube in 
different positions throughout the length of the nozzle. From 
these figures a curve of pressures may be developed, from 
which, together with the knowledge of the weight of the steam 
passing the nozzle per unit. of time, and the exact form of the 
nozzle, a second curve may be developedi which will give some 
idea of the velocities of theaffatd. 

Of course, in these investigations allowance must be made 
for the area of the searching tube. Figure 4 shows an actual 
example of a nozzle designed for discharging into vacuum, but 
used for discharging irtto atmospheric pressure, and shows how 
the steam reaches near the condition of vacuum near the outlet 
and afterwards rises to the exhaust pressure. 

This feature is, to a certain extent, taken advantage of in a 
de Laval Turbine, designed for running non-condensing. The 
nozzle is slightly over-compounded so that the wheel may re- 
volve in a partial vacuum. Some gain in economy is the re- 
sult, by reason of the wheel revolving in a less dense medium. 

Figure 5 shows rather a curiosity. This form of nozzle was 
suggested as being as suitable as any that might have carefully 
constructed curved walls, and that the steam itself would take 
the correct passage and give the same results so long as the 
correct ratio of throat area and outlet area were maintained. 
It will be observed how the pressure line forms waves—exactly 
corresponding with some lines shown in the nozzle, which ap- 
pear as though the steam particles fall very near to the ex- 
haust pressure immediately on leaving the throat. They 
strike the walls and rebound, meeting together at the point 4. 
when they form a point of pressure again striking the walls at 
B, meeting again at (’, and so on. 

In the de Laval Turbine the nozzles are set at an angle of 20 
degrees with the plane of motion of the buckets, which is as 
acute an angle as is possible. 

The action of the steam on the buckets may be shown by the 
diagram of parallelogram of velocities, figure 6, which shows 
an ideal condition which could seldom be obtained in practice. 

















FIGuRE 6, FIGURE 7. 
Referring thereto: V is the direction and velocity of the steam 
issuing from the nozzle; Vo the velocity and direction of the 
buckets; component V, is the relative angle and velocity with 
which the steam strikes the buckets. V, is the relative direction 
and velocity of the steam leaving the buckets; and V, is there- 
fore the absolute direction and velocity of the steam leaving the 
buckets. It will be observed here that V, is a horizortul line, 
so that the combination is one of maximum efficiency, the only 
losses being due to the angularity of the nozzle. 
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By reason of the tremendous velocities of steam, a diagram, 
similar to figure 7, is what is generally obtained! in practice Ir 
will be noted that the angle of the bucket at the etitrance cor- 
responds with that of the component V,. It is usual to have 
the angle of an outlet making an angle with the plane of 
motion, equal to that of the inlet with the same plane, thus tak 
img away practically all end thrust. These turbines, especielly 
the larger sizes, are equipped with several nozzles, some of 
which are provided with independent stop cocks, so that the 
number of nozzles in operation may be adjusted to suit the 
condition of running in order to’ obtain the most suitable steam 
pressure in the throats. 

These turbines are essentially of very high speed. The smaller 
sizes run about 30,000 revolutions per minute and are geared 
down to about 3,000; the larger sizes about 10,000 revolutio 
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FIGURE 8. 








per minute. The peripheral speed of the wheel is usually from 
6co to 1,200 feet per second. The reduction of speed is ac- 
complished by means of a pair of helical spur gears with the 
angle of helix 45 degrees. These gears form by far the biggest 
part of the whole outfit. The rema-n'ng portions of the tur- 
bines have no remarkable features. The regulation is effected 
by means of a fly-ball governor, which is on the slower running 
shaft and wire draws the steam at the admission. 

Some tests of a 10 horsepower turbine were communicated 
to the American Society of Mechanical Engineers in 1895. in 
which the turbine described had four nozzles of .138 diameter 
and one of .157 d‘ameter of throat. The nozzles were two 
inches long from throat to outlet. The speed of the turbine was 
23.771 revolutions per minute, reduced by gearing to 2,400; the 
economy full load, non-condensing, was 47.8 pounds per brake 
horsepower. This economy is b-7 no means bad when the small 
power of the outfit is considered. In December, 1899. some 
tests were made in France, under the following conditions: 
192 pounds boiler with 96 degrees Fahrenheit cf 
superheat; mean horsepower 307.8; revolutions per minute 772. 
The consumption of steam was 13.92 per effective horsepower 

The first Parsons steam turbine and generator was built in 
1884. It developed 10 horsepower at 18,000 revolutions per 
minute. It ran for several years in Cateshead-on-Tyne, Eng- 
land, supplying current for the manufacture of incandescent 
lamps. It is now in the South Kensington Museum. It con- 
sisted of two groups of fifteen turbines each, the steam entering 
between them and passing in opposite directions through 


pressure, 


cach 


group. 


Figure 8 is a general longitudinal section through a Westing- 
house-Parsons steam turbine. The steam enters at the governor 
valve and arrives at the chmaber A, and passing out to the right 
through the turbine blades, and eventually arriving at the ex- 
haust chamber B. The blades are shown in figure 15, the steam 
first passes a set of stationary blades and then impinges on the 
moving blades, driving them around, and so on. The areas of 
the passages increase progressively in volume, corresponding 
with the expansion of the steam. They will, however, be de- 
scribed more fully later. On the left of the steam inlet are 
shown. the revolving balance pistons (, ( and (Q, one corre- 
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sponding to each of the cylinders in the turbine, which, ac- 
cording to size, may be one, two, three, or four in number. 
The steam at A presses against the turbine and goes through 
doing work. It also presses in the reverse direction, but cannot 
pass the piston (, but at the same time the pressure, so far as 
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Freure 10.—THE BEARINGS. 


the steam at 4 is concerned, is equal and opposite, so that the 
shaft is not subjected to any end thrust. The pressure J) is equal 
to that at by reason of the balance port F’, so, similarly so far 
as the steam pressure at #) is concerned, there is no end thrust. 
This same fact also applies to G. 

The area of the balance pistons is so arranged that no. matter 
what the load may be, or what the steam pressure or exhaust 
pressure may be, the correct balance is preserved and the shaft 
has no end thrust whatsoever. At J) is shown a thrust bearing 
which, however, has no thrust to take care of, but serves to 
maintain the correct adjustment of the balance pistons. The 
thrust bearing is in two halves, the lower half being capable 
of adjustment in one direction, the upper one in the reverse. 
The balance pistons never come in mechanical contact with the 





FIGuRE 11.—-THE GOVERNOR. 


cylinder, and consequently there is no friction. The thrust 
bearing has ample surface, and besides is subjected to forced 
lubrication and does not wear. The adjustments once made 
always remain good. 

There is obviously some leakage past the pistons, but it is 
found to be very small. Centrifugal force seems to have some- 
thing to do with keeping down this leakage, for the particles, 
in endeavoring to escape, have to pass radially inwards in going 
through the small clearance. It is supposed, then, that the 
rapidly revolving pistons have the effect of throwing outwards 
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the particles with which they come in contact by reason of skin 
friction, so that the particles being slung outwards tend to op- 
pose the escape of the particles inwards. This theory, however, 
is somewhat imaginary, but in view of the economy obtained, 
the leakage cannot be very great. 

At K is a pipe connecting the back of the batance pistons at 
L with the exhaust chamber (see figure 8) to ensure the pres- 
sure at this point being exactly the same as that of the exhaust. 

At J are shown the bearings, also shown separately in figure 
10. They are unique in construction. The bearing proper is 
a gun metal sleeve, which is prevented from turning by a loose 
fitting dowel. Outside of this are three concentric tubes hav- 
ing a small clearance between them. This clearance fills up 
with o:] and permits a vibration of the inner shell, at the same 
time restraining same. The shaft, therefore, revolves about its 
axis of gravity instead of the geometric axis as would be the 
case were the bearing of everyday construction. The journal 
‘s thus permitted to run slightly eccentric, according as the 
shaft may be out of balance. This form of bearing in a very 
remarkable manner performs the functions of de Laval’s 
slender flexible shaft, but in this case the shaft is built as rig- 
idly as possible, so is not liable to crystalization, which would 
result in eventual rupture. The bearings have ample surface, 

















FIGURE 12, 


are continuously lubricated under pressure, and it has been 
found in practice that they do not wear. As may be seen in 
figure 10, they are surrounded by an outer cast-iron sleeve, in 
which are fitted keys which may be shimmed up and permit 
any adjustment of the position of the shaft relative to the 
cylinder. 

At R, figure 8, is shown a flexible coupling by means of which 
the power of the turbine is transmitted. In small sizes the 
two shafts have a square cut on the ends, the coupling itself 
somewhat loosely fitting over these. In larger sizes it is gen- 
erally a modification of this arrangement. 

The governor gear and oil pumps generally receive their 
motion by means of a worm wheel, gearing into a worm cut on 
the outside of the coupling. 

At N is an oil reservoir into which drains all the oil from the 
bearings. From there it runs into the pump YY, to be pumped 
up to the chamber Q, where it forms a static head that gives a 
continuous pressure of oil to the bearings. The pump is single 
acting of the simplest possible construction so that it will not 
become deranged. The oil runs in by gravity. 

A by-pass valve is provided, shown at P, which admits high 
pressure steam by means of the port @ to the steam space FJ. 
By opening this valve as much as 60 per cent overload may 
be obtained, and in the case of turbines operating condensing, 
full load miay be obtained should the condenser be at any time 
inoperative, due to any cause, and the turbine allowed to ex- 
haust into the atmosphere. Naturally the effect of opening the 
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by-pass valve is to reduce the economy to an extent that will 
be seen later when discussing economy. 

The glands consist of packing rings set in grooves cut in the 
shaft. The rings press outward and remain stationary. Any 
form of frictionless packing necessarily leaks a little. In the 
case of the turbine exhausting into a vacuum a little live steam 
is admitted between the rings by means of a small reducing 
valve, so that the leakage consists of a negligible quantity of 
live steam, instead of air, which would impair the vacuum. 

In case of the turbine exhausting against anything above at- 
mospheric pressure, a small ejector is provided, which drains 
the leakage steam from between the packing rings and allows it 
to drain through a suitable drain pipe instead of escaping into 
the engine room. 

In all engines the governor is an important consideration. 
A fly-ball type of governor is made use of, as shown in figure 
11, and has several features conducive to good regulation. The 
ball levers are swung on knife edges in lieu of pins. The gov- 
ernor works both ways; that is to say, the mid-position of the 
levers admits a full head of steam to the turbine, and a move- 
ment from this in either direction tends to cut off the supply. 
This serves a useful purpose in the event of a very excess.ve 
load coming on the turbine, such as a short-circuit, which has 
the effect of bringing down the speed more than the percentage 
variation permitted by the adjustment of the spring when the 
steam immediately becomes shut off. 

The speed of the turbine may be varied within all the limits of 
the governor spring while the turbine is running. This is par- 
ticularly useful in bringing alternators in synchronism and ad- 
justing their differences of load when in multiple. This is ac- 
complished by grasping the top-knurled head, when by means 
of a ball bearing shown, the spring and tension nuts remain 
Stationary. Any adjustment of the spring nuts may then be 
made, without in any way disturbiniz the running of the turbine, 
other than making the change that may be desired. 

The arrangement of the governor levers is shown diagram- 
matically in figure 12. They are attached to a small relay valve 
A which controls steam below the piston B, which is directly 
The receive 
reciprocating motion at ( from an eccentric, and use the gov- 
ernor clutch as a fulcrum, points J) and F being fixed. Con- 
tinuous reciprocating motion is thus given to the relay valve, 


connected to the main admission valve. levers 


which motion is in turn transmitted to the admission valve. 
The function of the governor is to vary the lane of oscillation of 
the relay valve, which causes the admission valve to remain 
open for a longer or shorter period according to the position 
of the governor. The steam, therefore, is admitted to the tur- 
bine in puffs, which occur at constant intervals of time. The 
puffs are either of long or short duration, according to the load. 
At full load the puffs merge into 
If we were to attach an indicator to the steam space 
and pull the drum around by hand, we would produce a series 
of cards similar to this: 


an almost continuous blast 
A, figure 8, 





TIME OF VALVE OPEN 





NING FULL LOAD 





LIGHT LOAD 


WHEN RUNNING 
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This does not that in the latter there is a 


mean case more 
complete expansion of steam than in the former; it simply 
means that high pressure steam is made use of at all loads. The 


complete expansion of the steam is taken care of independently 
in the blades. 

The advantages of this intermittence are three-fold. The tur- 
bine is at all times using boiler pressure steam, no matter what 
the load may be. The admission valve is continuously in mo- 
stuck. 

The power to work the relay valve and overcome the inertia 


tion, and consequently gets no oppertunity to get 
y's PI j g 


of the levers is transmitted through the governor clutch, hence 





























FIGURE 13. 


the balls are moved in and out a very small amount at every 
oscillation of the levers, so that the governor levers in respect 
to their motion about their points of suspension are never at 
rest, and consequently when a change of load comes the gov- 
ernor does not have to overcome the friction of rest, and is-al- 
ways ready to go to its new position. These features are par- 
ticularly valuable, for so long as a piece of mechanism is con- 
tinuously working we at least know that it is in a condition to 
continue working and is not stuck. 

There is absolutely no variation of amzular velocity in the 
turbine, which is necessarily present in reciprocating engines, 
hence the value of turbines for running alternators in multiple. 


4 CCOCCCEC STATIPNAEY BLADES 
JMOVING BLADES 
= (CCCCCCCCC crema 


« ay | a MOVING BLADES 
} v4 








BLADES 





realized when we turbine 
This, 


of course, speaks well for the low friction, but is principally due 


a 500 horse 


wili run twenty minutes after the throttle has been closed 


This can be know ower 


to the tremendous fly-wheel effect of the shaft. All the power 


is transmitted rotat:vely—there are substantially no recipro 


cating parts and no vibrations, hence no costly foundations and 


no holding-down bolts are necessary 
of an electrical 


Mr. Parsons made a very careful use yoverror 


valve working 
The ar 


Reciprocating motion was given at 


al 


which was attached to a relay in exactly the 


same manner as just scribed rangement of the lev 


ers is shown in figure 13 


A, points B and ( being fixed. On the extreme right is hung, 
by means of a spring, a core working in a soleno-d. When in 
operation the relay valve J) oscillates continuously, and_ the 
core moves a very small amount by reason of its mass, but at 
the same time it is ready to respond to any change of magnetic 
pull. One great feature of this governor is that the soleno‘ds 
may be compounded so as to give constant electromotive fore: 


generator, the turbine running 


at the terminals of the 
full load than at light load to make up for 


» | ' th 
coppel mses n tne 
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armature. The governor may be further over-compounded to 
give any percentage rise, just as in an over-compounded gen- 
erator. In alternating current work the series coil is obviously 
separated from the shunt coil. This latter is in shunt with the 
exciter, and the series coil is usually placed above, having a sep- 
arate laminated core. The adjustment of variations of electro- 
motive force between no load and full load may be conveniently 
made by changing the amount of iron in the serieS core. 

The essential parts of the turbine are, of course, the blades 
and buckets. They are made of hard drawn material, and vary 
in size from % inch to 7 inches, according to where they may 
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The moving blades therefore receive motion from two causes, 
the one due to the impact of steam striking them, the other 
due to the reaction of the steam leaving them, and in this re- 
spect is this turbine a combination of Bianca’s wheel and Hero’s 
engine. 

Many people suppose that these blades wear under the action 
of steam. Experience shows that they do not. In the case, 
however, of a nozzle, such as has already been described, in 
combination with the blades, the result is very different, by 
reason of the tremendous velocity of the steam. The wear 
even then is not much when superheated steam is made use of, 


FicurE 16.—CHARACTERISTICS OF THE WESTINGHOUSE -PARSONS STEAM TURBINE. 


be used. 
area, corresponding with the volume of the steam. This in- 
crease of volume is obtained by increasing the heights of the 
blades, and when these have reached the desired limit, the 
diameter of the turbine is increased) and the steam permitted 
a higher velocity that enables the blades to recommence 
another progression. 

Considering one barrel of the turbine, the fall of pressure, or 
to be more exact, the coefficients of expansion, are the same 
for every row. Referring to the diagram in figure 15, the steam 
at pressure P in expand'nzg through row 1 to pressure P, con- 
verts its energy into velocity and impinges upon the moving 
blades in row 2. The steam then performs a second expansion 
in expanding through row 2, again converting its energy into 
velocity, but this time the energy of the efflux is to react upon 
the blades from which the steam issues. The same cycle is re- 
peated in 3 and 4, and so on until exhaust pressure is reached. 


Every row of these blades has passages of increased 


but with any entrained water the wear is quite rapid. In the 
Parsons’ turbine the velocities of steam never exceed 500 to 600 
feet per second, and for the most part are considerably less. 

The blades are secured by caulking in the manner shown by 
the samples. Experiments show that the effort necessary 
to pull them out is as much as the elastic limit of the material 
of the blades themselves. The strain to which they are sub- 
jected in practice is about one-fortieth of this amount. 

It may be observed in some of the smallest samples that you 
have before you, that a blade has been pulled out in order to 
test the resistance. The pounds pull have been marked on the 
side and are or figures ranging from 300 pounds to 400 pounds. 
In every case the blade stretched considerably before it came 
out. 

Danger of the blades colliding sideways is very remote. The 
smallest blades have 4 inch clearance sideways, and the largest 
as much as % inch. These dimensions are far beyond the limits 
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of lateral motion permitted by the balance pistons. Of course, 
accidents do happen to the blades, but are generally attributable 
to carelessness, such as the machine having been taken apart 
and in handling, some of the blades damaged, the machine 
being again assembled without having the damage repaired. 
The result of this, however, is less serious than would be ex- 
pected. At the most two or three rows are ripped out. The 
blades are very tough, and the first broken blades close up the 
passage in the succeeding guide blades and prevent the broken 
pieces passing and causing more damage. In the event of such 
an accident the damaged blades may be removed and the ma- 
chine put into service when full power can be developed, but, 
of course, at a somewhat less efficiency, according to the num- 
ber of rows missing. The blades may be permanently repaired 
in a very short time by chipping out the grooves and inserting 
new blades. This work can be done wherever the machine 
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In 


both cases the work to be theoretically abstracted from a given 


steam performing high ratios of expansion behind a piston. 


weight is the same; however, there are some practical reasons 
for expecting better results in the case of the turbine. 

In the design of a three or four stage compound condensing 
reciprocating engine it is found that there is no gain im economy 
by expanding the steam in the low pressure cylinder beyond a 
terminal pressure of about five or six pounds, absolute. To 
do so means very much increase in the volume of the low pres- 
sure cylinder, thus increasing the friction of the engine and the 
weight of the reciprocatimg parts. Moreover, the temperature 
of saturated steam, as these low pressures are reached, falls off 
much more rapidly, hence there are greater losses due to con- 
densation and re-evaporation than would be gained by a more 
complete expansion. In the steam turbine no such limits ex- 
ist. The extra volume of the low pressure end does not add to 





FiGure 17.—A CORNER IN 


THE TURBINE ROOM 
may be in service, as no special machine work is necessary. 
Such accidents, however, are among the improbabilities. 

It may be interesting to record the actual pressure exerted 
on individual blades in a turbine. Take, for example, one of 
300 kilowatts capacity, to which special reference will be made. 
There are altogether 31,073 blades in the turbine, of which 16,- 
o0g5 are moving blades. The pressure that each of them exerts 
in revolving the shaft varies from .89 to 1.04 ounces. 

The steam inlet is always provided with a steam strainer 
which is intended to prevent foreign substances from getting 
into the turbine by means of the steam pipe. 
things as nuts, bolts, monkey-wrenches, etc., as have occasional- 
ly been known to come through a steam pipe, cause practically 
no damage, because they cannot pass the first row of guide 
blades. The greatest inconvenience this nature small 
pieces of gasket choking up the guide blade passages, which 
appreciably brings down the power. 


Generally such 


of is 


As has already been stated, a jet of steam issuing through a 


properly constructed orifice has as much energy as the same 


OF 


THE WESTINGHOUSE AIR BRAKE COMPANY. 


the friction. The temperature conditions from end to end re- 
main always the same, and hence such losses as condensation 
and re-evaporation are not in evidence. 

f the 
A condensing steam turbine, when 


Turbines are constructed to utilize the energy « steam 
down to the utmost limits. 
in operation, affords a striking example of the conversion of 


heat into energy. The temperature of the walls of the cylinder 


at the high pressure end, about 365 degrees F., falls in the dis- 
tance of three or four feet, to a temperature of about 126 de 
grees at the low pressure end. 

The diagram, figure 16, shows some economy curves de- 


veloped from tests made on one of the 300 kilowatts turbires 


ow in operation at the Westinghouse Air Brake Company’s 


works. The results may be summarized as follows: 


Full load 16.4 pounds steam per electrical horsepower hour 


u% 17. pounds steam per electrical horsepower hour. 
% 18.2 pounds steam per electrical horsepower hour. 
YY 22. pounds steam per electrical horsepower hour 


(Continued on page 54.) 
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VoLomn XI FEBRUARY, 1901 
EDITORIAL. 
Prince Andre Poniatowski, President 
of the Pacific Coast Electric Transmission 
TRANSMISSION 4 << ciation and as well of the Standard 
AND CALIOEMA Fiectric Company of California, has con- 
INDUSTRIES. 


tributed an able article to the San Fran- 
cisco Chronicle discussing the influences 
which the electrical transmission of power wil! probably 
play in the development of industrial enterprises in Cali- 
fornia. In this all-too-brief article the Prince reminds 
the reader of the self-evident truth that the part which 
e‘ectricity, transmitted from the distant Sierran water 
power, will play in the development of manufacturing 
and industry in California will be gaged by the ability 
of transmission companies to deliver electric power at 
the market at a cost equally low with the cost of produc- 
ing an equivalent amount of power at the point of con- 
sumption by the more familiar agency of steam. Manu- 
facturing industries would languish in California for 
generation after generation if they had no alternative but 
to derive power for their operation from coal, and the 
unwelcome truth of this statement is proved by the fact 
that even to-day California is one of the most backward 
of all the States in the matter of manufacturing indus- 
tries. We have raw material of every variety and in un- 
matched plenty; we have the pluck, the energy and the 
means, giving warrant for embarking in any undertak- 
ing; but heretofore we have not struck out to any great 
extent in manufacturing undertakings simply because we 
have realized that the success of every enterprise, 
whether manufacturing or otherwise, is weighed in the 
balance of commercial worth. If it costs materially more 
to make a product in California than it does to make it 
in Ohio, plus the freight, then the California-made pro- 
ducts will be found wanting, and the local industry will 
perish. es 


Let us say that the three factors which constitute the 
cost of manufacture of the California-made article are: 
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First, raw material; second, labor, and, third, power, and 
that the fourth factor in the cost of the Ohio-made ma- 
terial is found in the freight to California. Assume that 
items one and two are about the same in each case; then 
we come to item three, which, with coal as fuel, amounts 
to four or five or six times as much in California as it 
does in Ohio, and even more. So great is the discrep- 
ancy that item four—freight costs—becomes insig- 
nificant. This is why the Eastern-made article has so 
persistently undersold the local product. As truly as 
water is king in southern California so true is it that 
power is king in manufacturing industry. 

Steam-driven factories cannot thrive in localities 
where fuel is dear. It does not seem as though the four 
or five million gal!ons of oil that California is annually 
producing will alter the situation materially, for, accord- 
ing to present indications, it is idle to believe that the 
price of oil to the consumer will be permitted to drop a 
single shade below that necessary to underbid the coa! 
dealer. If it does fall to such a price as will enable Cali- 
fornia manufacturing industries to compete in the mar- 
kets of the world, it will be because the oil magnates 
have been brought to realize the fact that their competi- 
tor in California is not high-priced coa!, but electrically 
transmitted power. 

This is one service which a plentiful supply of energy 
from the mountain stream will, in all probability, render 
toward developing manufacturing in California. 


yd 


The Prince did not deem it fitting to discuss the mani- 
fold advantages of electric power—its safety, its conven- 
ience and its flexibility—nor to extol its hygienic, sani- 
tary orother enlightened characteristics, but he did find it 
appropriate to point out, for instance, that arid lands may 
be made fertile through irrigation at far less expense 
and with greater re‘iability if the water therefore be ob- 
tained by electrically driven pumps operated from a trans- 
mission, than if the water be impounded and distributed 
through ditches. Tens, if not hundreds, of thousands of 
acres of land will be so irrigated within the next decade; 
and the industries of the State will be further advanced 
through a beneficent influence of electrical transmission. 
Again, it is through the development of electrical trans- 
missions that private capital is doing so much toward ef- 
fecting the permanence of water supplies, and in some 
portions of the State the work so done has given great 
amelioration to the rigors of drought. Nevertheless, that 
which has been already accomplished in this direction is 
barely suggestive of the benefits to accrue from future 
work which transmission companies will undertake. That 
all this redounds to the advantage of the State is not to 
be doubted. re 


When a newly finished cruiser or battle-ship goes out 
on its trial run the most extraordinary preparations are 
made for the test, and, after the performance is over, the 
results are heralded to the world. Sjmilarly, the test 
conditions employed by builders of steam-driven stations 
are more fanciful than practical. One hears, for .in- 
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stance, that, under certain charges for attendance and 
with coal at an agreed price, electricity can be delivered 
at the busbars of a strictly modern, high-grade steam 
plant at a cost of 1 cent a kilowatt hour. The statement 
is undoubtedly correct, yet the fact is that while there 
may be a single electric station in California that can do 
this there are fifty that cannot. One cent a kilowatt hour 
is a generating cost which amounts to $87.69 a kilowatt 
year, or $65.70 per horse-power per year. These figures 
are obtained under test conditions and they represent, 
therefore minimum costs,with all the advantages of unity 
power factor and unity load factor, neither of which, and 
especially the latter, are ever actua'ly obtained or even 
approached in practice in modern, heavy central station 
or transmission work. If we figure electrical transmis- 
sion costs on the bases of unity load factor and unity 
power factor,the resulting cost of delivered power will be 
surprisingly low. For instance, Niagara power is trans- 
mitted and delivered into Buffalo year in and year out, 
under regular working conditions, at an annual cost of 
something less than one-half the cost of steam power 
operation just given. Of course, the Niagara-Buffalo 
line is a short one in comparison with some California 
lines, and in general it presents a more simple problem 
than that which confronts several California transmis- 
sions, so that while it is not to be expected that electric 
power can be delivered from transmission lines as cheap- 
ly in California as it is around Niagara, it is clear that it 
can be delivered at much less cost than steam power. 


ad 


On the other hand, and turning again to Niagara, it 
may be said that its electrical transmission has supplant- 
ed practical'y no steam plant, albeit electric power is 
cheaper than steam power. 
industries 


Its output is supplying new 
the manufacturing of aluminum, carborun- 





dum and calcium carbide—rather than running old ones. 
Electro-metallurgy and electro-chemistry constitute 
branches of industry that are almost unknown in Cali- 
fornia, yet the latter is of such magnitude that the elec- 
trically transmitted power consumed in it in Austro-Hun- 
gary alone in electro-chemical work practically equa!s 
the total consumption of power in all the cities around 
the bay of San Francisco. Will not electrical transmis- 
sion bring some of these manufacturing industries in its 
wake in California? 
a 


“Tn brief, then,” the Prince concludes, “if manufactur- 
ing for the world markets is to become an accomplishe«t 
fact for California, it will not be done through the use of 
coal, which has been tried and found wanting; it will not 
be done through oil, the cost of which will hover about 
that of coal; it will not be done by steam, which can be 
generated here only by the use of the tabooed coal or oil, 
and, finally, it will be done either through the direct or 
indirect agency of transmitted electricity, developed by 
water power in the mountain streams of California.’ 


‘‘THE JOURNAL is a noteworthy and striking publication.” — 
San Francisco Ca//. 
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BY FRANK H. BATES. 
[THE BOMB CALORIMETER.] 

ROBABLY the most successful calorimeter of the 
bomb type was that of Berthelot, but its costly 
construction has brought about many modifica- 
tions and the more general employment of other 

types. At the present time the calorimeters 

of Hempel, Krocker, Atwater and others are 
all in use, but probably the one most generally applied to 
industrial work is that of Mahler, who reduced the cost 
of the Berthelot instrument by substituting an enamel 
lining on the steel combustion chamber for platinum and 
otherwise modified both the bomb and calorimeter. 

This modified apparatus serves alike for both industrial 
work and scientific research, being sufficiently accurate 
to meet the more exact requirements of the latter. It is 
equally applicable to the calorific determination of solid, 
liquid and gaseous fuels or substances. 


Description. ‘The apparatus consists of a steel bomb 
in which the fuel is burned, supported within a water 
bath and arranged to permit of the employment of an 
agitator, this water bath or calorimeter proper being in 
turn supported within a jacket from which it is insulated 
by an air space and non-conducting material. 

In addition there is an oxygen supply tank and a source 
of electricity for affording a means of ignition. 

The bomb consists of a steel cylinder B, Figure 41, 
nickeled on its outer surface and lined with a thin white 
enamel (in a modification by Holman and Williams this 
enamel lining is replaced by electroplating the inside with 
gold) which readily conducts the heat while preventing 
the corrosion and oxidation of the steel. A screw cap 
serves as a cover, and by means of a projecting tongue, 
fitting into a groove of the shell into which a lead gasket 
or washer, p, (Figure 42) is first placed, a perfectly tight 
joint is made. 

From the cover drops a platinum rod for supporting 
the capsule in which the fuel is placed. Directly opposite 
this rod is a platinum wire which extends to an insu- 
lated electrode in the cover. From the lower end of 
the wire, a trifle above the supporting pan, is attached 
a coil of iron wire of about .004 inch diameter — +}, 
millimeter— which should be so arranged as to dip into 
the fuel and make a good connection with the rod holding 
the pan or capsule. A current passing through the spiral 
of iron wire reddens and burns it through, kindling the 
combustible and breaking the electric circuit. A means 
is provided for the admission of oxygen through the cover 
by way of a conical seated valve, rR, made of nickel to 
render it impervious to oxidation. The oxygen used 
should not contain nitrogen in excess of ten per cent. 
(Berthelot). It may be forced into the bomb by means 
of a pump but preferably introduced by simply making 
connection with a prepared tank of oxygen charged to 


the proper pressure. Oxygen cylinders are procurable in 
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any of the larger cities charged to 120 atmospheres. The 
bomb is designed to resist some fifty atmospheres, although 
a pressure of but five to eleven atmospheres is sufficient 
for the work. The instructions as to general operation 
will serve to make the details of construction somewhat 
clearer. 

Calibration. The instrument may be calibrated by 
obtaining the equivalents of the parts in water, using for 
the specific heats the values: 

For soft steel 0.1097 

‘* ‘brass 0.093 

mercury 0.030 
platinum 0.030 
‘** lead 0.030 

Possibly the better method for calibration, however, is 
that adopted heretofore and gone into at some length in 
connection with the oxygen calorimeter. This is by 


L 


FIGURE 37, 


means of the combustion of a substance of known calorific 
value, preferably naphthalin (9692. calories). In using 
naphthalin it is best to fuse g2ntly previous to weighing 
to prevent any loss during the admission of oxygen, 
which might blow a little from the capsule or pan if such 
precaution were not taken. 


Operation. Previous to making a test have the outer 
jacket of the calorimeter filled with water, and, together 
with all the parts of the apparatus, allow to stand ina 
room of uniform temperature for some hours. Have 
everything in readiness for the test, noting that the lead 
gasket used in making the cover joint is free of burrs, 
since this joint must be absolutely tight. The sample of 
fuel should, if coal, be pulverized (if anthracite, very 
finely) and dried. 

Place a gram of the sample in the capsule after having 
the latter in position in the bomb. Attach a weighed 
iron wire to the capsule support at one end and to the 
insulated electrode at the other, noting that it dips well 
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into the sample. Lower all into the bomb and screw 
down the cover without disturbing the contents of the 
capsule.* The cover must be screwed down tightly by 
using a spanner-wrench and vise. Make up the connec- 
tions to the oxygen tank. Open the valve on the latter a 
little, then the valve on the bomb, very gradually admit- 
ting oxygen until a sufficient pressure is obtained (the 
pressure required is dependent on the quantity of oxygen 
necessary for the complete combustion of the sample. 
With a gram of coal use about 25 atmospheres.), when 
close the valve on the tank and immediately afterward the 
valve on the bomb. 

In admitting the oxygen care should be taken not to 
displace any of the sample from the capsule by a too 
forcible admission. Disconnect the bomb from the oxy- 
gen tank and place it within the calorimeter, arranging 
the agitator and thermometer. Pour a weighed quantity 
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of water (of a temperature equal to that of the room) 
into the calorimeter and stir by means of the agitator 
until the temperature has been equalized throughout. 
Note that there is no moisture on the inner surface of the 
jacket since this would give rise io evaporation and con- 
sequent loss of heat and introduce an error. 
Observations. 

three in number: 


The observations of temperature are 


1. The rate of the thermometer before ignition. 

2. The temperature due to ignition. 

3. The rate of the thermometer after the maximum 
reading —the cooling effect. 

The order of procedure is then as follows: 

First, take some five readings, at intervals of one min- 
ute, previous to ignition to secure a rate of variation. 





€it will be found advisable to grease the lower threads on the cover with a 
little heavy tallow, or better, with a mixture of flake graphite, linseed oil and 


tallow. This will assist in making a tight joint and keep the thread in good 
condition. Where this is done exercise care that none of the grease gets into 
the bomb. 
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Second, connect the electrodes, bringing about an almost 
instantaneous combustion. Take a reading a half minute 
after the connection is made, then at intervals of one 
minute until the point of maximum temperature is reached. 

Third, note at intervals of one minute the temperatures 
from the point of maximum rise for, say, five readings. 

During the time of taking these observatiozs of tem- 
perature the agitator should be operated continuously. 
Upon taking the last reading, open the valve in the bomb 
cover and allow the gaseous products of combustion to 
escape. The bomb is now rinsed with a little distilled 
water to collect the acids* and the latter determined vol- 
umetrically. Where the fuel is too low in hydrogen to 
furnish a sufficient quantity of water by its combustion 
with oxygen to form nitric acid, it is best to add a little 
water previous to the experiment to prevent the formation 
of hyponitric acid. 

Derivation of results. ‘The calorific power of the fuel 
is obtained from the formula 

QO = (A + a) (P + P’) — (0.23 p + 1.6 p’) 
in which 

Q = the calorific power; 

A = the rise in temperature due to the combustion of 

the fuel; 
a = the cooling correction; 
P = the weight of water in the calorimeter; 


P’ = the equivalent in water of bomb and accessories; 
p = the weight of the nitric acid (HNO,) in grams; 
p’ = the weight of iron in grams; 


0.23 = a constant representing the heat due to the forma- 
tion of one gram of nitric acid by the union of 
oxygen and nitrogen for which correction must 
be made; 

1.6 = the heat of combustion of one gram of iron. 

An example illustrative of a complete test as given by 
Mahler in his notes will serve to make clear the applica- 
tion of the above general directions: 

CoLzA o1,—elemertary analysis showed 

Carbon (c) - : - - 77.182 per cent. 
Hydrogen (H) - - - 11.711 per cent. 
Oxygen and nitrogen (Oand N)_ 11.107 per cent. 


Total - - - - 100.000 per cent. 
Weight of oil taken, 1 gram; 
Calorimeter contained 2200 grams of water; 
Equivalent in water of bomb, etc., 481 grams; 
Pressure of oxygen, 25 atmospheres. 
The apparatus prepared as directed was allowed to rest 
a few minutes to bring about an equilibrium of tempera- 





ture. The temperatures were then noted. 
PRELIMINARY PERIOD: 
o minutes - - - 10.23° 3 minutes - - - 10.24° 
I OF Pale a Pole, «ie aa 
2 “ - - = 10.24° 5 <4 -- « (ae 
Rate of variation = a, = — = 23 — 0.004° 


*The combustion of a fuel generally gives rise to the formation of both sul- 
phuric and nitric acid, partly due to the nitrogen admitted as an impurity with 
the oxygen. The small quantity of sulphuric acid formed is considered as nitric 
and for the total amount a suitable correction made. There is a loss of acid 
vapor during the escape of the gaseous products of combustion, but this is so 
slight that no correction is necessary. 


& 
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The electrodes are connected and combustion begins. 
COMBUSTION PERIOD: 


5% minutes - - 10.80° 7minutes - - - 13.79° 
6 (ia - - - 12.90° 8 ‘¢ - (max’m) 13.84° 
PERIOD AFTER MAXIMUM: 

g minutes - - - 13.82° 12minutes- - - 13.79° 
10 + Se es * - <- 3390" 

II oe «aa aaa 





13.84 — 13.78 tv 
2 


Rate of variation after maximum = a, = 
0.012° 


Observations of the thermometer were now finished. 
Gross variation in temperature was 13.84°— 10.25°=3.59. 
The corrections are as follows: 
The system lost during the minutes 7, 
quantity of heat correspording to 2a.. 
2a, = 0.012 X 2 = 0.024.* 


8 and 6,7 a 


In the half minute 5} to 6 it lost } (a,—o0.005 )=0.0035°, 
but during the half minute from 5 to 5} it gained } a, 
2.004 — 0.002°. 

Consequently the loss for the minute 5 to 6 is 0.0035 — 
0.002=0.0015, so that the system has lost before reachine 
the maximum temperature, 0.024° + 0.0015 = 0.0255) 
which must be added to the 3.59° already found, making 
the variation in temperature 3.615°, neglecting the fourth 
decimal. 

The quaniity of heat observed then is 
Q = (2200+ 481) 3.615 = 2681 X 3.615 

From this number must be subtracted: 

1. The heat of formation of 0.13 grams of nitric acid 
= 0.13 X 0.23 = 0.0299. 

2. The heat of combustion of 0.025 grams of iron wire 
= 0.025 X 1.6 = 0.04. 

The total subtraction is then 0.0299 + 0.04 
and the final result would be: 

9.6918 — 0.0699 = 9.6219 calories, or for one kilogram 
(9.6219 X 1000) 9621.9 calories; equivalent to 17319.4 
British thermal units. 

Special Hints. The testing of liquid and gaseous fuels. 
In making tests of /ight volatile ot/s, enclose the sample 
in a glass bulb, drawn out to a point at one end to permit 
of breaking just previous to putting on the cover of the 
bomb. In this way all the vapors are retained within the 
bomb and ignited. 

Heavy oils, not being easily vaporizable, require no 
special treatment, simply being placed in the capsule as 
in the case of solids. 

With a gaseous fuel first fill the closed bomb with the 


9.6918 calories. | 


0.0699 


*Corrected by Newton's law of cooling. The law is 

‘*1, The decrease in temperature observed after the maximum represents 
the loss of heat of the calorimeter before the maximum and for a certain min- 
ute, and with the condition that the mean temperature of this minute does not 
differ more than one degree from the maximum. 

**2. If the temperature considered differs more than one degree, but less 
than two degrees, from the maximum, the number representing the rate of 
increase diminished by 0.005° will be the correction.”’ 

These laws will suffice for all work with this apparatus, even when great 
accuracy is demanded. 


tMahler found the water equivalent to be very close to 481 from the average 
of several experiments 














sample gas, then exhaust by means of a vacuum pump 
and refill with sample gas, bringing to a pressure equiv- 
alent to atmospheric and of a temperature equal to that 
of the laboratory. An approximate idea of the compo- 
sition of the gas undergoing test will serve to guide one 
as to the quantity of oxygen that should be admitted 
since too little or too much would give rise to inaccuracy 
or possibly prevent combustion. With a knowledge of 
the composition of the gas it is easy to determine the 
quantity of oxygen necessary for the combustion from 
tables of combustion of gases. 


Correction for heat of electric current. In work involv- 
ing great exactness, the heat due to the electric current 
used for ignition may be calculated and allowed for. This 
correction is very small owing to the exceedingly short 
time during which a contact is established, the igniting 
wire burning through and breaking the connection almost 
immediately on the closing of the circuit. To determine 
this heat it will be mecessary to measure the voltage of 
the circuit and the amperes of current at the time of 
closure of the circuit, The length of time during which 
the circuit was closed is also measured by means of the 


ammeter. With this data the heat due to the current 
may be found from the formula: 
SF i ECt 
4-17 
in which H = the quantity of heat; 
E = voltage; 
C = amperes of current; 


t = length of time circuit is closed in seconds. 


Auxiliary combustible. Some substances, such as 
graphite, are burned only with difficulty and generally 
leave an unconsumed residue. Correction may be made 
for this residue as directed in connection with the oxygen 
calorimeter, but another method is often made use of; 
that is, bringing about a complete combustion of the 
substance by the addition of an auxiliary combustible 
sufficiently inflammable to effect this purpose. Naphtha- 
lin (9692 calories) is generally made use of. 

(Continuation in March number.) 





AMERICAN PRACTICE IN STEAM TURBINE BUILDING. 
(Continued from page 49.) 

Running iight 750 pounds per hour. 

Vacuum 26 inches to 27 inches. 

Boiler pressure 125 pounds per square inch. 

Revolutions per minute, 3600. 


The consumption of 16.4 pounds at full load is in itself re- 
markable, but such results as at the light loads have never been 
approached before. It may be said that the consumption at 
one-half load is only ten to twelve per cent greater than at tull 
load. 

It must not be lost sight of that these results are per electri- 
cal horsepower. It is usually the custom of engine builders to 
publish their results per indicated horsepower, which means 
very little to the power user. He is chiefly interested in the 
economy of steam per unit of power he gets out of his power 
plant, not the steam per unit of power he has to put into it. 

To make a comparison with a reciprocating engine and as- 
sume the efficiency of transmission from the steam cylinders 
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to the switch board to be 85 per cent, which is about the very 
highest attainable, would bring the full load water rate on 
the turbine just described to 14 pounds, per indicated horse- 
power. The tests were made under ordinary conditions so far 
as dryness of steam is concerned, the boilers being some dis- 
tance away, and no allowance made for wetness of steam. 

On the curves are shown a set of lines showing the efficiency 
when running non-condensing. These results are somewhat in- 
ferior by reason of this particular turbine being designed es- 
sentially for condensing. Nevertheless, the results are not so 
bad as to preclude it being operated under these conditions, 
should at any time the condenser be out of order. A turbine 
designed for running non-condensing gives proportionately as 
good resuts as the condensing curves shown on the diagram. 

By this set of curves may be observed the function of the by- 
pass valve, how, when running non-condensing, the by-pass 
valve remained closed until about half load was reached. Upon 





FIGURE 18.—WESTINGHOUSE-PARSONS STEAM TURBINES IN PITTSBURG. 


being opened the efficiency fell off, as shown, and continued to 
improve from there on as the load increased. The overload 
capacity of the engine is obviously more flexible than that of 
most engines. 

Superheating may be made use of with considerable gain in 
economy and without the usual difficulties. There are no in- 
ternal rubbing surfaces and no pack:inz glands to become in- 
jured by the high temperature. Sixty to seventy degrees of 
superheat improves the economy by some 20 per cent. In this 
connection Prof. Thurston has lately recorded some experi- 
ments with a de Laval Turbine. For every 3 degrees F. of 
superheat 1 per cent of gain in economy was attained. With 
37 degrees of superheat the capacity of the turbine was doubled. 
This gain he attributes almost entirely to the reduction of skin 
friction. 

The practical efficiency of a turbine power plant may be 
gathered by some tests made by The Westinghouse Air Brake 
Co. After the plant had been installed some nine months the 
whole plant was shut down, and the steam engines which had 
been previously doing the work were connected up again, put 
in service and were kept running a week, during which time 
careful measurements were taken of fuel amd water. After this 
the turbine plant was again put in operation and similar 
measurements made with the electrical transmission. The sav- 
ing in coal averaged 35.7 per cent during the day and 36.4 per 
cent during the night im favor of the turbines. The saving in 
feed water averaged 29.8 per cent during the day and 41.4 per 
cent during the night. In round numbers this means a saving 
of 40,000 pounds of coal in twenty-four hours. The gain is in 
a great measure due to the economy of the turbines, but also 
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to some extent to the elimination of the condensation in long 
lengths of steam pipe and to the advantages of electrical trans- 
mission. 

Figures 17 and 18 show views of this power plant. In the 
foreground of one may be seen the 10 horsepower exciter en- 
gines and generators, and their size, compared with the 500 
horsepower steam turbines. The whole outfit of three turbines 
and generators, aggregating 1500 horsepower, occupies a floor 
space of 24 feet square, and allows ample room for access to 
the turbines. The total weight is about 25,000 pounds, total 
length 19 feet, width 4 fect, 3 inches. 

Lately a 1000 kilowatts outfit has been built by C. A. Parsons 
& Co. for the Elberfeld Corporation, in Germany. At 1200 
kilowatts, 130 pounds boiler pressure, 18 degrees F., of super- 
heat, the turbine driving its own air pump, etc., an electrical 
horsepower was produced for 14,025 pounds of steam. This is 
probably the highest economy ever attained in any steam en- 
gine. 

Figure 20 shows the complete revolving part of a 3000 horse- 
power turbine. Its weight is 28,000 pounds; length over all, 19 
feet, 8 inches; 12 feet, 3 inches between bearings; the largest 
diameter 6 feet. The turbine of which this forms a part, is 
shown in figure 21, and is being set up in the powerhouse of 
the Hartford Electric Light Company. It is direct-connected 
to a 1500 kilowatts generator, the total outfit having the follow- 
ing dimensions, viz.; 33 feet, 3 inches long; 8 feet, 9 inches wide; 
175,000 pounds total weight, including generator. This is the 
largest steam turbine in one integral part ever built. 

As there are no rubbing surfaces in the turbine, no internal 
lubrication is necessary. This enables surface condensers to be 
employed and the condensed water used for boiler feed without 
fear of getting grease into the boilers. 

‘The turbine is entirely automatic in all its functions, and re- 
quires remarkably little attention. The only real working part 
is the spindle revolving in its bearings. These bearings are 
found to wear but little, if at all, so the cost of renewals and 
repairs is very small. 

In 1897 the Newcastle & District Electric Lighting Co. pub- 
lished their costs in this regard. The powerhouse contained 
eleven turbines of 75 to 150 kilowatts each. The cost for re- 
pairs and renewals amounted to 26 cents per kilowatt per 
annum, and included all repairs to boilers, turbines, condensers, 
pumps, generators, cables, fittings, etc. 

By reason of the turbine making use of the last available ex- 
pansion of the steam there is considerable advantage in em- 





FIGURE 20.—REVOLVING PART OF THE PARSONS STEAM TURBINE. 


ploying the highest vacuum. For instance, considering the 3co 
kilowatts turbines described, and assuming the steam consump- 
tion with 27 inches vacuum to be 16.35 pounds per electrical 
horsepower, it may be reasoned upon a thermodynamic basis 
that with the same machine designed for 25 inches vacuum, the 
consumption would be 18 pounds per electrical horsepower 
hour. On the other hand, by designing the same turbine to 
suit an exhaust pressure of one-thirtieth of an atmosphere, or 
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say 29 inches vacuum, the consumption would come down to 
14.12 pounds per electrical horsepower hour. 

The applications of steam turbines are perhaps no so univer- 
sal as ordinary steam engines. They are pre-eminently suitable 
for driving electrical machinery, particularly alternating cur- 
rent dynamos. Some difficult:es are, however, experienced with 
the commutation of continuous current generators of fa‘rly large 
powers. There is nothing remarkable in the design of gen- 
erators for this purpose except that modification necessitated 
by the high speed. For this reason they are remarkable for 
their small weight and dimensions and the absence of crowded 
pole pieces. 

Builders of electrical machinery have for some years been 
working in the direction of reducing speeds from the old bolt 
driven rigs to admit of direct-connection to slow going re- 
ciprocating engines. The condition for steam turbines is, how- 
ever, a step in the reverse direction. Turbines have been used 
with good success in England for driving fans and blowers. 

Although the type of bearing employed is capable of suc- 
cessfully dealing with about any reasonable error in balance, at 
the same time it is very essential that the revolving parts be 
very accurately balanced, in order that the collector rings and 
commutators may run true, and that the clearance between the 
tips of blades and walls of the turbine cylinder may be main- 
tained as fine as possible, so that balancing forms quite an im- 
portant stage of the construction and has many interesting fea- 
tures. The usual method of balancing, which consists of roll 
ing the piece on some ways and thus locating the heavy side, 
is sufficiently accurate for ordinary slow speed work, but no 
degree of real accuracy can be attained. 





On attemping to balance a body, such as the above, by such 
methods, might result in a heavy spot at two opposite sides and 
two opposite ends, as at H and WW, which would be any- 
thing but a condition of good running balance. It is, 
found desirable to split this up into comparatively narrow rings 
and balance each separately, when the above error would be- 
come negligible. For balancing such rings The Westinghouse 
Machine Company has devised a machine which performs the 
work with remarkable accuracy. In it a turntable is pivoted on 
a beam which is in turn hung on two knife edges. Below the 
turntable is rigidly attached an adjustable counterweight. The 
turntable, of course, is free to turn independently of all this 
Means are provided to slide the whole turntable and counter- 
weight in the beam, and in a direction at right angles 
line of the knife edges. The counterweight is adjusted to bring 
the combined center of gravity in a plane close to the knife 
edges. Then by sliding the mass in the beam the table may 
be made to rest horizontally. Then by giving the turntable one 
half revolution the table will fall over by twice the amount it is 
out of balance. Readings are taken in two opposite directions 
and the exact location, and the amount of the error may be im 
mediately figured. Balancing by this method may be done very 
rapidly and with surprising accuracy. 


therefore, 


to the 


A ring weighing 6000 
pounds has been balanced within 2 ounces, and rings weighing 
200 or 300 pounds within one-eighth of an ounce. 

In the case, however, of the revolving parts of electric genera 
tors, the final winding, etc., is liable to throw it out of balance, 
and then there is no alternative but to balance it in its entirety 
The shape is generally of the nature of a long cylinder with a 
journal at both ends. The only way then te do this balancing is 
to deliberately mount it on bearings which are preferably set on 
springs and running it wp to speed by belt or any available 
means. While running it is marked with a colored pencil at 
different points, which serve to indicate where to add weight 


In a small body revolving at 5000 or more revolutions per min 
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ute, the light side is always the side that comes outward, so that 
weight should be added just where the marks come. In some 
cases the marks are opposite at each end, when weight needs to 
be added on one side at one end and on the other side at the 
other end These facts show that when the high speeds are 
reached the body ceases to revolve on the geometric axis and 
takes the axis of gravity. 

On its way up to speed there is generally some point at which 
there is considerable vibration. This is termed the critical 
speed, and seems to come at the time when the body is chang- 
These critical speeds become lower 
as the bodies are heavier and of greater radius. In the cases 
of heavier and bigger bodies, which also would have a lower 
rotative speed, the marks do not come just on the light side. 


ing its axis of revolution. 





FIGURE 21.—A SHOP VIEW OF THE HARTFORD TURBO-ALTERNATOR. 


They come sometimes as much as 90 degrees ahead of the light 
side. The exact angle can only be found by experiment, and at 
best this is only a cut and:try method. With experience, how- 
ever, work may be put in very accurate balance. 

The application lately of steam turbines to marine propulsion 
is well known. Some particulars of the vessels equipped may 
be interesting. The first vessel, named the Turbinia, was built 
with a view of exploring the possibilities of turbines for this 
purpose. It was, therefore, built as small as possible, and at 
the same time not so small as to preclude the attainment of 
high speed, should the experiment turn out a success. The di- 
mensions selected, therefore, were 100 feet long, 9 feet beam, 3 
feet draught, and 44 tons displacement. It will be noted that 
the ratio of beam to length is unusually small—9g:100, wh-le 
10:100 or I1:100 is the more usual practice for this class of 
boat. Originally the boat was fitted with one single turbine 
and propeller; but the result was d‘sappointing, the chief trouble 
being due to cavitations in the propeller, resulting in excessive 
slip. This was verified by experiments in a tank of water sub- 
jected to vacuum. The appearance of the action of the propel- 
ler in the water was observed by looking through a slot in a 
disc which was made to revolve in synchronism with the pro- 
peller under observation. 

It was then considered necessary to make several changes. 
New engines were built in three sections, the steam expanding 
through them in series, each section driving an independent 
shaft, and each shaft three propellers. Very soon 32% knots 
were attained, and eventually 3444 knots at the naval review at 
Spithead in 1897. About 2300 indicated horsepower were te 
veloped. The boiler, a Yarrow type with small tubes, had 1100 
square feet of heating surface and an evaporation of about 28 
pounds of water per square feet heating surface at 34% knot 
speed. About 600 horsepower were developed per ton of ma- 
chinery and 50 horsepower per ton of total weight of vessel in 
full equipment. These successes resulted in a contract with the 
British Admiralty for a torpedo boat destroyer named the Vi- 
per. The dimensions were the same as the 30 knot destroyers 
of her class, 210 feet long, 21 feet beam, and 350 tons displace- 
ment. The engines consisted of two independent sets, each 
consisting of one high pressure turbine driving a shaft, a one 
low pressure turbine driving its shaft. On the same shaft as the 
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low pressure was permanently connected a small turbine for re- 
versing purposes. When running ahead the reversinz turbine 
was in connection with the condenser, so that the frictional 
losses due to this turbine running idle were very small. The 
same fact applies to the go-ahead turbines when running 
astern. There were, therefore, four propeller shafts, each fit- 
ted with two propellers, the one ahead having a slightly lesser 
pitch than the after ones. The Yarow type boilers have 15,000 
square feet heating surface; grate surface, 272 square feet; con- 
densers have 8000 square feet surface. The speed attained was 
35 knots to begin with, and later 36.858 knots were reached. 

It is generally conceded by engineers that but little more 
may be anticipated in the development of the reciprocating en- 
gine. Any improvement that we can imazine would not very 
materially improve ‘ts efficiency as a heat engine. On the other 
hand the turbine is capable of developing in many ways, par- 
ticularly in the use of superheated steam, to a degree hitherto 
prohibitive, so that the day may not be very far distant when 
the turb.ne will replace the reciprocating steam eng ne for most 
purposes. 





raction 


RAILWAY MOTOR PERFORMANCE, 

EW, original, and very useful information is almost in- 
varably to be found in the engineering literature of the 
leading manufacturing companies, and as briefly reviewed 

in the “Trade Literature” columns of The Journal. In recent 
bulletins * are given, for instance, curves of apnrox:mate horse- 
power and traction effort required to operate electric cars of 
different weights under different conditions of grade and speed. 
It is shown therein that the tractive effort required to operate a 
car of moderate size at medium speeds under reasonable con- 
ditions of track and roadbed may generally be assumed as about 
20 pounds per ton on a level, with 20 pounds per ton additional 
for each percent of grade, and that the tractive effort required 


CURVES OF APPROXIMATE TRACTIVE EFFORT AND .P. REQUIRED TO OPERATE CARS 
OF OF FERENT WEIGHTS UNDER DIFFERENT GRADE 





WEIGHT OF CAR - TONS 


TOTAL HP. 


im any given case is practically the same for all speeds within 
reasonable limits. The actual horsepower exerted, however, 
will of course increase as the sneed increases, but may be found 
at once by the formula: 
_ Miles per hour x tractive effort 
375 

The accompanying curves have been laid out on the above 
basis, and from them may be found the tractive effort required 
to propel a car of any given weight up various grades, as well 
as the actual horsepower exerted by the motors ‘when the car is 
running under these conditions at any particular speed. By the 
proper use of these curves in combination with curves showing 





Horsepower 


*Circulars Nos. 1038 and 1039 of the Westinghouse Electric and Manufac- 
turing Company. 
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the brake horsepower, tractive effort with the given wheel 
diameter, the speed in miles per hour and the time-temperature 
characteristics of the motor to be used (all of which motor 
curves will be supplied by the manufacturers), the complete 
performance of a car equipped with any given type of motor 
may be determined. 

The procedure would in general be as follows: Find from the 
accompanying curves the tractive effort required for the car 
under the existing conditions. From the number of motors the 
tractive effort per motor then follows. By reference to the 
motor curves the current necessary to produce this tractive ef- 
fort may then be ascertained, as well as the speed at this load. 
And finally from the time curve may be found the length of time 
during which the motor may safely carry this current. It must 
be borne in mind that the above refers only to the motor when 
running. In selecting an equipment for a given service, due 
attention must be paid to the heavy currents required for start- 
ing, as these, in many cases, will be found to be a most impor- 
tant element. 


* e 
Pransmission 
COST OF TRANSMISSION CONDUCTORS.* 

N order to determine the best potential for an electric power 
transmission it is necessary to consider carefully the cost of 
the transmission circuit. The weight of the electric conduc- 

tors decreases as the square of the potential employed, and 


THREE -PHASE POWER TRANSMISSION. WEIGHT OF COPPER PER KW. DELIV ZRED. 


L/ne Loss (7m percent of power de/ivered 
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increases as the square of the distance. Dividing the potential 
by the distance gives a convenient figure which can be used for 


*Through error the wrong cut was used in this article when it first appeared 
on page 40 of the January issue of [HE JouRNAL. The brevity of the article 
gives warrant for its reproduction in its entirety rather than the publication of 
the proper engraving alone.—THE EpirTor. 
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all potentials and distances. The accompanying curves, which 
are those adopted by the General Electric Company and are taken 
by permission from Bulletin 4239, are derived in this way and 
furnish a ready means of obtaining the amount of copper required 
for a given power transmission. For convenience the curves are 
further explained below and an example is given to show their 
application. 

The figures on the curves indicate volts per mile; 7. ¢.: the poten- 
tial of the line at the generator divided by the distance in miles. 
The weight of copper, potential and line loss are in terms of the 
power delivered at the end of the line, and not of generated 
power. The curves are correct only for three-phase current with 
100 per cent. power factor. Two-phase, single-phase or continu- 
ous current transmission requires one-third more copper. Five 
per cent. has been allowed for sag, iu weights of copper given. 

Example: Assuming that 1000 kilowatts at 10,000 volts are to 
be delivered over a line 10 miles long with 5 per cent. line loss, 

10,000 volts , , 
we have —-—__——- = 1000 volts per mile. Looking on the 1000- 
Io miles 
volt curve, we find 5 per cent. line loss corresponds to 57 pounds 
of copper per kilowatt delivered. 

1000 kilowatts X 57 = 57,000 pounds. If copper costs 20 cents 

per pound, the cost will be 57,000 x $.2 -—= $11,400. 


e se 
JNfining 
ELECTRIC HOISTS IN THE TRANSVAAL. 


LECTRICAL manufacturing concerns that are looking for 





foreign trade, as well as American engineers who find 
profit in authentic information regarding the experience 
of engineering co-laborers in other countries, will be interested 
in the following letter, received from a prominent electrical en- 
gineer in the Transvaal, and it is suggested that they take oc 
casion to correspond with its writer concerning the subjects 
therein discussed. 
THE LANCASTER GOLD MINING COMPANY, LTD. 
KRUGERSDORP, TRANSVAAL, January 18, 1901. 
To the Editor:—Please accept my warm thanks for sending 
me the issues of the “Journal” containing the description of the 
Kootenay Power Transmission and the War Eagle Hoist. They 
contain exactly the information which I desired to get, nameiy, 
as to the method of driving an air compressor by 
and more especially as to the American practice in starting up 
I regret, however, that the article does not mention whether t 
was found that the three hundred kilowatt synchronous motor 
proved to be of any practical service in regulating the power 
In contemplating a similar installation | 
have feared, and still fear, that an indiscriminate load in heavy 
units of both induction and synchronous motors would be so 
erratic as to seriously interfere with the regulat:on of the sys 
I would further ask, does the War Eagle compressor, 


electricity 


factor of the system. 


tem. 
which has a capacity of forty drills, always work at full output 
and waste such surplus air as there may be; that is, if twenty 
drills are running, is air equal to twenty drills blown to 


or is there some by-path arrangement? 


waste, 


As to electric hoists in mining service, and especially hoists 
driven by induction motors, I would say that the only large 
hoist which I know of having been built in this section was 
installed at the Robinson Deep, and so far as I am aware it was 
driven by a three hundred horsepower induction motor, prac- 
tically identical in construction and in method of control as the 
motor erected for hoisting duty at the War Eagle mine, except 
in that it operated from a depth of twenty-two hundred feet 
The high tension three-phase current was switched direct on 
to the stator at 
rotor resistance was similarly made and apparently of about 
the same size as that of the War Eagle installation. The hoist 
was, however, unsatisfactory, and has been replaced by steam, 


two thousand volts, or thereabouts, and the 
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as I understand has been done with the War Eagle hoist. At 
other places in this locality small hoists being operated by in- 
duction motors have worked perfectly, and in fact beyond ex- 
pectation, but in the main they are operating where the major 
part of the trip is done at full speed 

To my mind the conditions of working large modern mining 
hoists are such as to utterly debar the use of a single induction 
motor; that is, when there is only one motor. The losses are 
so enormous that generally it will be found that a steam hcist 
on the spot is cheaper to operate and is under far better con- 
trol. The question of working induction motor hoists is also 
engaging the attention of engineers on the Continent, and I 
understand that at present they are disposed to believe that the 
only chance of salvation lies in tandem working of induction 
motors in either of the two ways. 

Electric distribution of power has been in use here for some 
years, but the early plants were of the continuous current va- 
riety, and were in general very unsatisfactory and unreliable. 
Now, however, it is commonly recognized that the various mill 
and mining duties about the surface are best done by electricity. 
One of the problems we are now facing, is how to wind from 
a depth of five thousand feet, and the opinion of those well able 
to judge is that stage-winding must be resorted to with elec- 
trically driven hoists, which means that some very large hosts 
will be run from a central plant at the surface. Nevertheless 
the induction motor is not expected to appear in these trans- 
actions. Thus far the principal difficulties crop up in unexpect- 
ed directions, for instance, in the @wreat cost and size of wire in 
the shaftways, and the risk of some accident in the upper por- 
tion disabling all lower hoists. When direct current is to be 
used the economy in coal is most marked, but storage batter- 
ies of disgusting size would need to be maintained. It seems 
perfectly clear, however, that a modern mine as projected on 
paper to-day for service in this locality, would have to work 
along with its neighbor, and together have a joint electric plant 
of from 5000 to 10,000 horsepower in independent stations to 
minimize stoppages in service. 

One further point: A most difficult problem with us here 
is to find a percussion electric rock drill that will bore this 
hard rock that we have. 

If you know of any literature on these subjects, I should be 
most grateful to know where it is to be obtained. 

A. H. GIBSON, A. I. E. E. 


Personal 


W. J. BARRETT has retired from the managership of the 
Los Angeles office of the John A. Roebling’s Sons Company, 
and beginning ‘March Ist will become a sales agent for the 
Westinghouse Electric and Manufacturing Company at San 
Francisco. 

E. S. ALDRICH of Livingston, Montana. and J. B. Brown 
of Duluth have bought the electric lighting plant at Snohomish, 
Duluth have bought the electric lighting plant at Snohomish, 
Washington. They will change the present direct current sys- 
tem to the alternating current, and will double the capacity 
of the plant. 


FRANCIS HODGKINSON, author of the article on “Steam 
Turbines,” appearing in this issue, has been identified with the 
development of the steam turbine in England, and since 1896 
(the year Mr. George Westinghouse acquired the American 
patent rights of the Parsons’ steam turbine) he has been em- 
ployed by the Westinghouse Machine Company to carry on the 
development of the machine. Excepting the inventor, the Hon. 
C. A. Parsons himself, probably no one can be considered 
more of an authority on the subject of steam turbines than Mr. 
Hodgkinson. 

L. B. STILLWELL has been suggested as one eminently 
qualified to receive the nomination for President of the Ameri- 
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can Institute of Electrical Engineers, and the suggestion will 
meet with no dissent. Mr. Stillwell’s recent connection with 
the Niagara Falls Power Company and his present relation as 
consulting engineer to both the Manhattan Railway and the 
Rapid Transit Subway Construction companies of New York, 
give him an exceptional prominence in the electrical world. 
His personal and professional qualifications, as well as his per- 
manent residence in New York, insure that he would make a 
worthy and efficient president. 


Obituary 


ELLIS MILNE JACKSON, under whose superintendence 
was done all the early underground construction work of the 
Pacific and Sunset Telephone companies on the Pacific Coast, 
died of Bright’s disease in San Rafael, Cal., on January 23rd 
last. At the time of his death he was superintendent of con- 
struction and maintainence of the Central Union Telephone 
Company of Chicago. In May last he was stricken with the 
disease named, and so seriously did the disease afflict him that in 
September he came to California with his wife and little daugh- 
ter in the hope of regaining his health. All was in vain, how- 
ever, for he was-beyond human aid. 

Mr. Jackson was born 38 years ago on the Isle of Man and 
spent the early years of his life in Milwaukee, Wis. For many 
years he was connected with the licensed telephone companies 
of the American Bell Telephone Company, where he rose to 
prominence as one of its leading authorities on underground 
conduit construction and telephone circuit distribution. About 
1886 he entered the Chicago Telephone Companv. where he did 
considerable underground work. He was next employed by the 
Pacific and Sunset Companies of the Pacific Coast, with head- 
quarters in San Francisco, and while here superintended all 
their early underground construction. His connection with the 
Central Union Telephone Company began in 1895, where he re- 
mained until the time of his death. 


MRS. RALPH W. POPE, wife of the esteemed secretary of 
the American Institute of Electrical Engineers, died at her 
home in Elizabeth, N. J., on January 26th, after an illness of 
nearly two months. While her affliction had been from the first 
of such serious nature as to preclude any hope of her recovery, 
the news of her death came as a great shock to her many 
friends in her home city. To those who survive her, and especi- 
ally to the bereaved husband, who holds the esteem and affec- 
tion of those who are in any way connected with the institute, 
are the deepest sympathies of his countless friends and ad- 
mirers, extended. 

Mrs. Pope was a native of Great Barrington. Mass., and was 
the daughter of the late Gideon M. and Louisa R. Whiting. 
Until her marriage to Mr. Pope, in 1884, she lived at Great 
Barrington, and had a wide circle of acquaintances which in 
later years she mainta‘ned and extended by frequent visits 
to her native town. Mrs. Pope devoted her married life with 
unselfish interest to the care of the three children of Mr. Pope’s 
first wife, who died in 1880. The youngest child, Gertrude 
Castle Pope, died in 1890, after a long illness. The others, Mrs. 
Horace R. Wemple and Frank J. Pope, of Elizabeth; her hus- 
band, Ralph W. Pope, and a younger sister, Grace E. Whiting, 
or Great Barrington, survive her. Mrs. Pope was a communi- 
cant of Christ Church, and the Rev. Dr. H. H. Oberly, her 
rector, conducted the funeral service at Elizabeth, while ser- 
vices were also held at St Tames’ Church, Great Barrington, 
on the following afternoon, the interment being at the latter 
place. 








“The Journal has proved in every way a valuable addition 
to my library periodicals,” writes W. E. Goldsboiough, M. E., 
Professor of Electrical Engineering and Director of the Elec- 
trical Laboratory of Purdue University, Lafayette, Ind. 











